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The bird karyotype evolution dates back to the Triassic Era,
that is about 100-250 million years ago. A contemporary
model of ‘fission and fusion’ describes the bird chromo-
some evolution. The ‘fusion’ theory is supported by the
presence of a telomere repeat sequence (TTAGGG)n in the
interstitial parts of bird mitotic macrochromosome arms
(NANDA et al., 2002) and in the interstitial parts of lamp-
brush macrochromosomes (GALKINA et al., 2005). The “fis-
sion” theory is supported by an assumption that at least ten
pairs of microchromosomes were created due to splitting
up of macrochromosomes and half of them constitute syn-
tenic groups with regions of chromosomes of other verte-
brates, including man (RODIONOV, 1996; BURT et al., 1999;
BURT, 2002; GREGORY, 2002, MASABANDA et al., 2004). Yet,
the evolutionary aspect is still full of many ambiguities as
to the origins of microchromosomes.
Karyotypes of most present day birds include 5 or 6 pairs
of macrochromosomes and between 32 and 36 pairs of
microchromosomes (CHRISTIDIS, 1989; MIZUNO and MAC-
GREGOR, 1998).
The length of the dominating number of chromosomes
in metaphase does not exceed 2 micrometers and com-
monly applied banding techniques do not enable their
identification even in respect to the centromere position
(BITGOOD and SHOFFNER, 1990). As a result cytogenetic
analyses of bird chromosomes are conducted on the basis
of partial ideograms predominantly including the first 8-9
pairs of the largest chromosomes, chromosome Z and oc-
casionally chromosome W classified as a microchromo-
some (SCHMID et al., 2000, 2005).
Information on karyotypes of other species has been
supplemented in many studies carried out throughout the
years. In the case of birds, due to the presence of micro-
chromosomes, the karyotypes were analysed in a small
number of studies confined to macrochromosomes, and
hybridisation techniques were utilised in the projects of
gene mapping without having a complete chromosome
standardised karyotype or ideogram at one’s disposal.
The only standardised description of bird chromosomes
is the karyotype of Gallus domesticus which includes the
first 8 pairs of autosomes and chromosomes ZW and is a
reference point in the studies on other bird species (LADJA-LI-MOHAMMEDI et al., 1999; SCHMID et al., 2000, 2005;
GUTTENBACH et al., 2003) and mammals, including man
(BURT et al., 1999). The genome of Gallus domesticus is
also the only mapped bird genome (ICGSC, 2004; MASA-
BANDA et al., 2004).
Representative ideograms published in the First Report
on Chicken Genes and Chromosomes 2000 (SCHMID et al.,
2000) were prepared for the following poultry species:
Melagris gallopavo – 9 pairs of autosomes and chromo-
some Z, Coturnix coturnix – 8 pairs of autosomes and chro-
mosome Z (STOCK and BUNCH, 1982), Anas platyrhynchos –
8 pairs of autosomes and chromosome Z (DENJAN et al.,
1997).
Scant research on the chromosomes of Anser genus has
primarily addressed the determination of the diploid
number and morphology of chromosomes, occasionally
their structure. TAKAGI and SASAKI, (1974), SHOFFNER et al.,
(1979) and SILVERSIDES et al., (1988) characterised the
karyotype of wild forms whereas the description of various
domesticated geese species was attempted by HAMMAR,
(1966). The outcome of these studies was the conclusion
that, irrespective of the species, the Anser karyotype is rep-
resented by 40 pairs of chromosomes (CRAWFORD, 1990).
Morphological structure of chromosomes, with especially
paying attention to the differences in the structure of the
4th pair of chromosomes in various geese species, was
analysed by a lot of researchers (BHATNAGAR, 1968; ITOH et
al., 1969; SHOFFNER et al., 1979; BELTERMAN and DE BOER,
1984; SILVERSIDES et al., 1988; NORDIO-BALDISSERA and
PANNA, 1992; HIDAS, 1993; RABSZTYN et al., 1998; JASZCZAK
et al., 1999, 2002). By contrast, the chromatin structure
was examined only by a few workers (MAYR et al., 1990;
APITZ et al., 1995; WÓJCIK, 2004; WÓJCIK and SMALEC,
2007). The ideograms of analysed chromosomes being the
result of the above-mentioned studies were published in
two works (APITZ et al., 1995; WÓJCIK, 2004; WÓJCIK and
SMALEC, 2007).
GTG banding is the basic technique leading to obtaining
patterns of karyotypes. G bands are obtained as a result of
initial trypsin digestion and then applying Giemsa dye –
GTG pattern or Leishman dye – GTL pattern (SEABRIGHT,
1971, 1973). In identifying Anser anser chromosomes,
GTG technique was applied only by one author (SILVERSIDES
et al., 1988) – in respect to assessing chromosome mor-
phology, and by another one (APITZ et al., 1995) – as a
means of morphology evaluation and detecting the pattern
of G bands on the first 5 autosomes and sex chromosomes.
The current research aimed at determining the pattern
of G bands on selected chromosomes of domestic goose
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Mitotic chromosomes of 10 birds representing the Euro-
pean domestic goose Anser anser constituted the research
material. The chromosomes were isolated from peripheral
blood lymphocytes applying standard procedures. The pat-
tern of G bands was determined by means of the technique
(SEABRIGHT, 1971) modified for Anser anser by APITZ et al.,
(1995). Chromosomal spectra generated by the Multi-
ScanTM image analysis system were utilised to identify the
pattern of G bands on geese chromosomes (Figure 1). The
results of multiple measurements of the same chromosome
obtained from different plates collected from different
birds served the purpose of drawing the banding pattern of
successive chromosomes (Figure 2).
The pattern of G bands was determined on the basis of
an analysis of 1300 chromosomes obtained from 132
metaphase plates. The description of chromosome mor-
phology and classification was done following FECHHEIMER,
(1990). According to the standard of G band identification
on the chromosomes of Gallus domesticus (LADJALI-MO-
HAMMEDI et al., 1999), 8 pairs of autosomes and sex chro-
mosomes were analysed. P arms of the chromosomes of
pair 1 and 2 and q arms of the chromosomes of pair 1, 2, 3,
and 4 as well as sex chromosome Z were divided into
regions. The index of arms and centromeric index of chro-
mosomes of pairs 1-4 and chromosomes ZW were deter-
mined. The measurements did not include the acromeric
chromosomes of pairs 5-8.
Results
On the basis of the analysis of metaphase plates it has been
determined that 40 pairs of chromosomes represent theArch.Geflügelk. 6/2007Anser anser goose karyotype. The GTG banding technique
applied enabled determination of the pattern of G bands
on the chromosomes of the Anser anser goose (Figure 3).
The descriptions of G bands of the first eight pairs of auto-
somes and sex chromosomes were done on the basis of a
partial ideogram (Figure 4).
Chromosome 1
The first pair of chromosomes was classified as submeta-
centric.
1. P arm: Two regions. 9 G bands; visible central negative
band (21) which divides the p arm into two regions. The
proximal region contains two negative bands (11 and
13) and two negative bands (12 and 14). The central
band (21) is followed in the distal region by two positive
bands: a narrow (22) and a wide one (24), the two sep-
arated by a negative band (23), and a negative terminal
band (25).
2. Q arm: Three regions. 13 bands; two main negative
bands (21 and 31) divide the q arm into three regions.
The proximal region includes two positive bands: a
wide (12) and a narrow (14) one, and two negative
bands: a wide subcentromeric one (11) and a band sep-
arating the positive bands (13). The interstitial region
has two positive bands (22 and 24) and two negative
bands (21 and 23). The distal region includes two posi-
tive bands (32 and 34) and three negative bands: a wide
band (31), another wide band (33) separating the pos-
itive bands and a telomeric one (35).
Chromosome 2
The second pair of chromosomes was classified as submet-
acentric.Figure 1. Images and densi-
tometric profile of chromo-
somes of the Anser anser
goose
Erscheinungsbild und densi-
tometrisches Profil der Chro-
mosomen der Hausgans
Anser anser
Figure 2. Procedure to draw
the pattern of bands on a
single chromosome
Vorgehensweise bei der gra-
phischen Darstellung des
Bandenmusters eines einzel-
nen Chromosoms
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negative band (21) divides the p arm into two regions.
The proximal region includes two positive bands of the
same width (12 and 14) and two negative bands whose
width is also the same: a subcentromeric band (11) and
a band which separates the positive bands (13). In the
distal region there are two positive bands (22 and 24)
separated by a negative one (23), and a negative termi-
nal band (25).
2. Q arm: Two regions. 11 G bands; a wide negative band
(21) divides the q arm into two regions. The proximal
region contains three positive bands: one narrow (12)
and two wide ones (14 and 16), all separated by three
negative bands (11, 13 and 15). The distal region
includes two positive bands: a wide (22) and a narrow
band (24), as well as three negative bands: two wide
(21 and 25 – telomeric) and a narrow band (23) which
separates the positive bands.
Chromosome 3
The third pair of chromosomes was classified as acro-
centric.
1. P arm: One region. 3 G bands; two wide negative bands:
subcentromeric (11) and telomeric (13), are separated
by a positive band (12).
Figure 3. G bands on geese chromosomes
G-Banden auf den Chromosomen der Hausgans2. Q arm: Three regions. 11 G bands; wide negative bands
(21 and 31) divide the q arm into three regions. The
proximal region has a wide positive band (12) and a
subcentromeric negative band (11). The interstitial
region has two positive bands of the same width (22
and 24) and two wide negative bands (21 and 23).
There are two positive bands of the same width in the
distal region (32 and 34) as well as three negative
bands: a wide band (31) a narrow one (33) located
between the positive bands and a telomeric one (35).
Chromosome 4
The fourth pair of chromosomes was classified to be sub-
metacentric.
1. P arm: One region. 5 G bands; two positive bands: a
narrow (12) and a wide band (14), separating three
negative bands: a wide subcentromeric (11), a narrow
(13) and a wide telomeric band (15).
2. Q arm: Two regions. 7 G bands; a negative band (21)
divides the q arm into two regions. The proximal region
includes a wide subcentromeric negative band (11) and
a wide positive band (12). In the distal region there are
two positive bands: a wide (22) and a narrow one (24),
as well as three negative bands: (21 and 23) and a wide
telomeric band (25).
Chromosome 5
The fifth pair of chromosomes was classified to be acrocen-
tric.
1. Q arm: One region. 7 G bands; a subcentromeric nega-
tive band (11) is located next to a wide positive band
(12) which is separated from the following positive
bands by a negative band (13). A narrow negative band
(15) separates the positive bands (14 and 16). A nega-
tive band (27) is telomeric.
Chromosome 6
The sixth pair of chromosomes was determined to be acro-
centric.
1. Q arm: One region. 7 G bands; a subcentromeric nega-
tive band (11) is followed by a positive band (12). A
negative band (13) is located in the interstitial part of
the q arm. Positive bands (14 and 16) are separated by
a very narrow negative band (15). A negative band (17)
is telomeric.
Chromosome 7
The seventh pair of chromosomes was classified as acro-
centric.
1. Q arm: One region. 7 G bands; a wide subcentromeric
negative band (11) is adjacent to a narrow positive band
(12), which in turn is separated from the following pos-Arch.Geflügelk. 6/2007
Figure 4. Partial ideogram
of geese chromosomes –
GTG banding
Partielles Ideogramm der
Chromosomen der Haus-
gans – GTG-Färbung
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bands (14) and (16) are separated by a very narrow
negative band (15). The distal part of the arm is occu-
pied by a positive band (17).
Chromosome 8
The eighth pair of chromosomes was determined to be
acrocentric.
1. Q arm: One region. 5 G bands; a wide subcentromeric
negative band (11) is located next to a narrow positive
band (12). A narrow negative band is in the interstitial
part of the q arm (13) and it is followed by a wide posi-
tive band (14). A negative band (15) is telomeric.
Chromosome Z
Sex chromosome Z was classified to be submetacentric.
1. P arm: One region. 5 G bands; three negative bands: a
wide subcentromeric (11), a telomeric (15) and a wide
band (13), the three separated by two positive bands of
the same width (12 and 14).
2. Q arm: Two regions. 7 G bands; a negative band (21)
divides the q arm into two regions. In the proximal
region there is a wide subcentromeric negative band
(11) and a wide positive band (12). The distal region
includes two positive bands of equal width (22 and 24)
and three negative bands: a narrow band (23) and two
wide ones (21 and 25 – telomeric).
Chromosome W
Sex chromosome W was classified as submetacentric.
1. P arm: One region. 3 G bands; two wide negative bands:
a subcentromeric (11) and a telomeric (13), the two
separated by a positive band (12).
2. Q arm: One region. 3 G bands; a wide positive band
(12) is situated between two wide negative bands: a
subcentromeric (11) and a centromeric band (13).
On the basis of an analysis of GTG banding results it was
found that the subcentromeric regions of arms p and q as
well as the telomeric regions on all the analysed chromo-
somes lacked positive bands. The conclusion follows from
the fact that in the above-mentioned chromosome regions
there were observed clear light (negative) bands. The total
number of positive bands on the analysed chromosomes
was 48.
Discussion and conclusion
Banding patterns of chromosomes constituting the stand-
ards of the karyotype of man and other animal species
were determined on the basis of long-term comparative
studies (DI BERARDINO et al., 1990; RICHER et al., 1990;
ROHRER et al., 1996; LADJALI-MOHAMMEDI et al., 1999; BAND
et al., 2000; ISCNDB, 2000). The GTG technique
(SEABRIGHT, 1971) was applied to determine the chromo-
some morphology and structure of Anser anser. As a result,
G bands, chromosomal segments containing A-T pairs,
were obtained.
In order to establish the pattern of bands, an analysis of
chromosome spectra generated by the computer were
used. They were the basis for preparing a uniform repre-
sentative image of individual chromosomes. In all cytoge-
netic analyses utilising a computer image analysis system,
a clear distinction of threshold brightness level is difficult
to define (GREEN et al., 1994). The subjectivity of estimat-
ing the boundary between individual bands in the presentArch.Geflügelk. 6/2007study was reduced by applying a large number of measure-
ments (over 100) of each chromosome.
Cytogenetic and molecular techniques utilised to ana-
lyse the bird genome and karyotype are primarily derived
from methodologies of similar research carried out on
mammals. The adaptation of the techniques to meet the
requirements of peculiar bird genome has to include a
modification of the kind of media, their concentration and
incubation time. The research on birds utilise fibroblasts as
an experimental material. In the present work chromo-
somes were isolated form peripheral blood lymphocytes. It
results in the presence of erythrocytes and thus of addi-
tional DNA amount in the suspension, which in turn
requires further modifications of the methods applied.
The number of chromosomal pairs, amounting to 40,
detected in the Anser anser karyotype agrees with earlier
reports stating that the number of 40 pairs of chromo-
somes is a genus characteristic of Anser (CRAWFORD, 1990).
The results of this work pertaining to the morphology of
geese chromosomes agree with the results presented by
SILVERSIDES et al., (1988) and APITZ et al., (1995). The chro-
mosomes of the first, second and fourth pair as well as
chromosomes Z and W were classified as submetacentric
whereas the chromosomes of pairs: three and five to eight
were determined to be acrocentric. Earlier studies mention
a metacentric form of the fourth chromosome and an acro-
centric form of chromosome W in geese descending from
Anser anser (BHATNAGAR, 1968; BELTERMAN and DEBOER,
1984).
Morphological differences of the fourth pair of chromo-
somes of different goose species have been highlighted in
numerous works. The fourth pair of chromosomes in Anser
anser and Anser canagicus is submetacentric and meta-
centric, respectively (SHOFFNER et al., 1979). Comparative
studies on Anser anser and Anser cygnoides geese karyo-
types have shown, respectively, a submetacentric and met-
acentric form of chromosomes in these species. In addi-
tion, the fourth pair of chromosomes was shorter in Anser
anser (APITZ et al., 1995; WÓJCIK, 2004). Moreover, the
fourth pair of chromosomes was shorter in Anser anser
(APITZ et al., 1995; WÓJCIK, 2004). An application of CBG
banding explains to certain extend a different morphology
and size of the fourth pair of Anser anser and Anser cyg-
noides chromosomes. No presence of constitutive hetero-
chromatin on the Anser anser fourth pair of chromosomes
has been found. By contrast, on the fourth pair of Anser
cygnoides chromosomes heterochromatin is observed in
the interstitial part of p arm and in the subcentromeric re-
gion (APITZ et al., 1995; WÓJCIK, 2004; WÓJCIK and SMALEC,
2007). SILVERSIDES et al., (1988) also observed an analo-
gous size and morphological differences. They interpreted
the change with an assumption of an ancestral pericentric
inversion and a deletion of centromeric material.
As a result of GTG banding application the total number
of positive G bands on the eight successive autosomes and
chromosomes Z and W was 48. In the case of chromosome
W and the p arms of the third pair chromosomes and chro-
mosome Z, the number of bands was the same as the
number obtained by APITZ et al., (1995). Additional bands
were observed on the remaining chromosomes in the loca-
tions where APITZ et al., (1995) found a wide positive band.
8 positive bands were observed on the chromosomes of
pairs 6, 7 and 8 (which were not analysed by the above
cited authors).
Techniques of differentiating banding have also been
applied to compare the morphology and structure of the
fourth pair of Anseriformes chromosomes. An application
of GTG banding for comparing the karyotypes of Anser
anser and Anser cygnoides showed that the arrangement
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(APITZ et al., 1995). The presence of the differences was
supported by an application of RBG banding (WÓJCIK,
2004; WÓJCIK and SMALEC, 2007).
In conclusion, the utilisation in the cytogenetic analysis
of computer-generated chromosomal profiles that contain
many bands makes it possible to determine a detailed
banded pattern even on short chromosomes characteristic
of late metaphase. Application of more and more modern
techniques of image analysis does not undermine the dog-
ma that the location of bands is a constant and repeatable
characteristic of the chromosomes of each species. Howev-
er, it enables more precise penetration of chromosome
structure and obtaining patterns which include more and
more bands.
Summary
The most complete information on a karyotype is gained
by means of direct observation of chromosomes obtained
from dividing cells. Precise chromosome studies are based
on differentiating banding of chromatids. G bands repli-
cate in late phase S of the cell cycle, they are rich in A-T
pairs and they usually occur in the genome non-coding
sequences. GTG banding is a technique applied in con-
structing standardised karyotype patterns. A chicken
karyotype standard exists only for Gallus domesticus.
Limited research on the karyotypes of other poultry spe-
cies results from specific characteristics of the avian karyo-
type (number and size of chromosomes) which make it
more difficult to carry out analyses, especially on the
cytogenetic level. The least studied poultry genome is that
of geese.
By using GTG banding on the chromosomes of Anser
anser geese, the pattern of G bands on the first eight auto-
somes and chromosomes W and Z was established. Alto-
gether forty-eight positive bands were determined on the
analysed chromosomes.
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Zusammenfassung
Charakterisierung der G-Bänder auf den Chromoso-
men der europäischen Hausgans (Anser anser)
Die direkte Untersuchung der Chromosomen sich teilender
Zellen liefert die umfassendsten Informationen über einen
Karyotyp (Genom). Präzise Chromosomenanalysen basie-
ren auf der unterschiedlichen Bänderung der Chromati-
den. Die G-Bänder verdoppeln sich in der späten S-Phase
des Zellzyklus. Sie sind reich an AT-Basenpaaren und kom-
men am häufigsten in den nicht kodierenden Sequenzen
des Genoms vor. Die GTG-Bänderungstechnik wird zur
Ableitung standardisierter Muster des Karyotyps angewen-
det. Bisher existiert nur für die Hühnerspezies Gallus
domesticus ein standardisierter Karyotyp. Die fehlenden
Untersuchungen zu den Karyotypen anderer Geflügel-
spezies beruhen auf den spezifischen Besonderheiten des
Vogelgenoms (Anzahl und Größe der Chromosomen), die
die Durchführung von Untersuchungen vor allem auf dem
zytogenetischen Level erschweren. Dabei ist die Gans die
am wenigsten untersuchte Geflügelspezies.Durch die Anwendung der GTG-Färbung war es mög-
lich, die G-Bänderung der ersten acht Autosomen und der
Gonosomen W sowie Z der Hausgans Anser anser zu
bestimmen. Insgesamt wurden 48 positive Bänder auf den
untersuchten Chromosomen ermittelt.
Stichworte
Hausgans, Anser anser, mitotische Chromosomen,
Karyotyp, G-Streifen
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